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Abstract of JP 2002208744 (A) 
PROBLEM TO BE SOLVED: To provide a practical 
magnetoreslstive effect element, a magnetic head 
using the same, and a magnetic recording and 
reproducing apparatus, which has an adequate 
resistance and a small number of magnetic layers to 
be controlled and can be made high sensitive. 
SOLUTION: The magnetoreslstive effect element 
with a sense current flowing perpendicular to a film 
surface comprises a resistance adjustable layer on 
at least one of pin layers, free layers and '■ 
nonmagnetic intermediate layers. The resistance 
adjustable layer contains an oxide, nitride, fluoride, 
carbide or boride as the main component and may 
have pin-holes In continuous film. Thus, a practical 
magnetoreslstive effect element can be obtained 
while effectively utilizing the spin dependent 
scattering effect.; It has an adequate resistance and 
a small number of magnetic layers to be controlled 
and can be made highly sensitive. 
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mmt mmmmm t t^mi'zm.n i^titzimm 
mimm,m^m(om^zn ixmmjjmzmm-th 
mmt. 

imi^m2 ] mitmiM^mwrniz-umm^tLfz^f^ 
mfmiti-mmmt, mtc^i3\^mm.mz 
mxmt-tmmmmtm'immt, mim 
-ft i 4« t mmmmn t ff)Uzm ^fifznmm 

mmmmm^m^zn Lxmrnnzmm-th 
fMzmmm,mmf>zm.mzm,-^iifz-n<r> 

xmis.^fix^^h i t ^!ftsfc-ti.ft*Ji 1 mm(^m.% 
t tz\±mmmm^zn Lxmrnmrn^mmifi 

c^s.sv^ti. mi>zm^tix\<^i^bimittm 
*ii 1 trnffimmmtm^. 

ttdmmmMizMixmmm^'^mmm^ 
^titzmbiimmm^^ixx\^hzb^mib-r?> 
mm 1 wmmmmmm^. 
[ff*Ji8] mmmmmifi, b. s i , oe, t 

a.W, Nb,Al,Mo. P.V, As. Sb, Z 
r, Ti. Zn, Pb. Th. Be, Cd, Sc. L 
a. Y, Pr. Cr, Sn, Ga. Cu, In. Rh. 
Pd. Mg. Li. Ba. Ca. Sr. Mn. Fe. C 
o. Ni. Rhco^i)^miftih'J^-^j:<bhUb'OC^m 

■m, hh^^i±t^^m^±m-»bt^ ; b mmt 



imm>mmij^mhixtzmbitmmi}\ immm 

J10l4'&I.VM±|?.BfcJg^§tL. Cu. Au. Ag. 
Ru. I r. Re. Rh. Pt. Pd. Al. Osffyjf 

^r< t i>ub-o<D±mt:'tA.x'\^hz b mmb-tm 

m.'itf¥mmi}Wfi^titzmbimnmi)\ i¥mmmm 
m'Phi^M^mmf^^fi. cut:±^j^btm 

KDmmb, B. Fe. Mo. Ph. Ta. Cr. V. 
Si. Sb. Get-mimi'J'-^j:<bioUb'y^^ti 

mm. s>i.^^(iM«. h^^My-yim, i^i^m 
mm. hi\'^±t^'yim^±f^^bthm2ff)mm 
b. mifz^bmrntmitimimcommm)! 

m&mm*m.nt,tLtzmbi±Knmi}\ 4mmmm 
m'phi'^^ummis.-^fi. Au^iEj^-^bix-t 

^T-VM.mlc7)ffl«t. B. Fe. Ge. Mo. P. R 
h. Si. W. Cri}^l^mitfi&'J'"^j:<bi>Ub-oi-t 

iimm. ht\.^\iii-^'^m^fEmb-t^%2mm 
b. mttzLbtmib-thmmsw^mmm 

mmwmifimhfitzmbiiKmw. immwm 

<r)m^hh\^±^Mi,z^'iS.^fi. AgSrifiSc^i^fcLT-^ 
A.X-\-^hW. 1 cr)W^b . Be,Co,Cr,Fe,Mo,P 
b,S i ,Ta,V.W,Ge, Sn,A 1 , Rhj!?-A>Simi) 

9t£<bi>-i>b-^^^tsmm. hh\^^im.-\m. hi> 
v^^i7•y«. hh\^\i.mm. hh\^\iyi-s^im^± 
mbi-hm2commb. mifz:ibmRbi-m^ 

immMi 3m-it(^if\^tim'Mmz-um*^iitz 
mmfm^^i-mmmb. mmmmum^ 
m^txmttmmm^^tmmmb. mi 
m-(tmm b mmit^m b (Dmizmifi^Mmit 
'^mbi^i-^m^mmmb. 
mmmmmmmmi^zMLxmmi^iizMmt^ 
tiibizmimmMmiz'^mzm^fitz-'ncD 

V&b. 

mmm m<r>mii¥m'pmmifimfhtifzmbii 

B. Si.Ge.W. Nb.Mo. 
P. V. Sb. Zr. Ti. Zn. Pb. Cr. Sn. 
Ga. Fe. C oc734iA^f,a{fti^iJ,-^< ^.lAfco^ 

■tts. m^a»comim^:m-»btmmb. 
t:mifzz b ^:'mbi-imM&tmm'^. 
[11*11 1 4 ] mmmmmffim^i^o . 5W±5 n 

mmTT* 1. i k mWib-tmm 1 Etti^«^*t 
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imm 1 5 ] mmmmmit. 2 %3&»^> 3 o %coi^ 

iS-fbi Al t Bui5#«tt4'rBW fclulBa^kBOT k COM 
JitOtJt^^LT. 5%*-^l 0 0%cO:;»c^ST-S)-liri; 

mmi 7 ] |f^fe^iiffl<o*-/^opal*n otpt, 1 

0 0 n mf c: i: ^:mk-t^mm 1 5iEiJ<^«^ 

[ftjRJll 8] Huia^»fflO*-;l/«0¥i^rail*«l 0*» 
1 0 0 nmT-*l.ifc*!»at-tSii*«l 5IB«« 

imtm 0 ] fi«3Si 9fBac7)iim'v.7 Ymi. m 

[0001] 

[0002] 

I.) J ti.^, 

[00 0 3] itOj;-5*MR*iF(±, i^^^fcii. ^n- 
flXH'O (IEEE MAG-7 150(1971)^^) . ^<nXo^j: 

m^-/Y\t^mR^^vYi tmmx^^h. 
[ 0 0 0 4 ] fc bxm-. ^iit^<nw. Rmwmm^ 
tix^^tmmmm^^. m\,z)\-Y'f ^ y^mm^z 
ii\yc\t. mmmmm^mmmmsb^fixh^ . 

1 h'-y vm^ xm-^^ < 0 , f-y h ti^hcnmxm. 
(r)mtttt'm-Lx^.^i> . ^(^tzub. i^\m.^vX' 

t^mwtmmi ^ t ¥xt i ^m&x'» s / 
NktcomRm^^if^:itt\ mMMmzm■^'A^rm 
mcom^f-iiiuzitimt^x'^x^xiiy) . gmM&\^± 

[ 0 0 0 5 ] i^T- TitiiiKj tli, ( O e ) 



mt^fzmzii. m^^^ix'-^^mimti^bm 

{i, *«ffi:fc LXii 5 £2~3 0 Q®K<7)ttfct I.*** 
[ 0 0 0 6 ] ^icoi 3 *=«*iOi> t . JlftTiiA- h*T 

R^-ft;*S:#l> C: t ffX^ ixa yA;lx7' ( spin-valv 
[ 0 0 0 7 ] 112 5{i, xtyAWScDStmSiffflffiJi 

i m.mm ttzm^s^^^ti . #?^tti s m/uX\ 
m^mmm^^x-^mizh h ^-^mmm f , p o a 

¥\t^\wm (.'mmm) \,zi ^om^^mAmmxt 

^1 fc ifX% h (Phys. Rev. B. , Vol .45, 806 (1992) , 
J. Appl. Phys. Vol.69, 4774(1991) m^W) . 
[0 0 08] Cli-C. 3fi«ttJiF{i. r7ij_lj^ 

[0009] xb-yAVi/ym. Wkxh . 7 'J-1 
nh. ^mmt^^mxhn. mr^'v m<^MRm'fiiz 

[0010] Z(7)i. -5 yA>7-*^tMLT«i, 

[ 0 0 1 1 ] 112 6{i. -Mfl1ltfflV^/i,#iTV^|.«« 
it J: 3 fcXtyA>7'S^<?)M«tME L. E LSr^ 

iimimm^tij^i3^-^izm^^tix^^?>. z 

ff)1jMi—MZ rc I P (current-ln-plane) j If^b 
WlftlX\^l, 

[ 0 0 1 2 ] C I P1f^<7)i^^ MR^-itmt LXli 1 
0~2 0%gJSc0flSr#.|.::i:*<^tgfc^r-5TV^I.. t 

tzm^-mzm^^i^fix^^h~>-)V'Yi?^r<DMR^'v 
Yxii. X ^y^<.)v-fm=?-\m\ji£j3mhZT5.\^w^xm 
\^t:,ti^fzib. MRmf-(omm±mmRm<Dmmm, 
lfi;fifc*L<*i.o icofcto. ciPU^coxi^y-'iji' 
fmximmmmm 5-3os^t-ri,^ttj;DA 
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T'{±c I P:fr3(io;^eyA>yMj{)«MRA.y FiSiOMR 

[0 0 1 3] b*-L**^'^>. 1 0 0Gb i t/inch2 ^ 
{±. MRMk^i:LT2 0%Sriai.-i.ffl^#l.c:fc{ipi 
[0014] amiSA^'b, MR^€*^>^# < 

■rsBWt-. c I p-svM(-i5v^-rtryJi. yy-i 

[0 0 1 5] 112 7 {i. >!:coJ:'3'5:;^tf>'A'/l'rMofflf 

v^-Cfis tf yJlP i: 7 U -if F t-t^L-fixm^RftfJIE 
Rmx^tiX^^^. ;^tf>'A>7'Mf«±, #Jio^B 

L. MR^mi}^mi>-lXLto, ZtHzMLX. «^ 

mmRmifxwFF^Km-?>^ti,zit). w^(r> 

[0 0 1 6] ^^o:. :imm:\tv?-^mthz.t\z 

[0 0 17] LA^t. ^:^0^8Jtt*5l,^T^,, ^Ttofl:^ 

viRmm(nm±i,zk±m^ti^hh. :i<ntz^m.ff) 

2Q%-kmt^ii0tirk^^£MRmmb. 5-3 OQ 

mMmj:mmm.^m,-rh ^h^mv-mzmmt 

[00 18]-::^. 30%^m-&ct^^r:*c#'3:MRS: 
{CfeV>TMWtSlt6"|nI (current perpendicular to p 

lane : c p p ) i^z^y xmwi^^ctm^cowmMmi^ 

[00 1 9] ii2 8ii:. cpp-Km=m(om=f-(om 
mmmmw^MX'h h . ^ mii,<mmm]^n 
^ T-a . %m^m h imm t ^wzmm ltzax^ 

^ S L<7)±Tt«SE L,if^tl^-fm.» htl. -feyxm 

St I LTiiifi*!*] tmi. . ^mm-\±. 



[0 0 20] L*>L'5r*-'^., ^Lcoio'SrCPPAH^ 

Li)-hLff)mm.\±-mzimzA^^tcm.z^j:.-^x 

Lt 3 „ Lfzifi-^XC P P AXSTTIi. fiKtt*t'% 

i.!t'{t*# < -ti. k ^mwt^mmmttc^xx^^, 
m.mi:i<Dm±-^<tuz)i^\,z. Aiis^sLk«s 

ELk£0^i•^®«^^fg=SrPIt34^^< tr, *^oAl© 

^sLf^minia^iM^L. «ff^ii^-ri:k*5jfi:>s 

k^r-?Tl^l.. «i.{±\ *?iOJ^^;cS:0. IxzmXO. 
l/zmt.'N°:?-::::y^''L/c^, Co2nmkCu2n 

m k &3ci: 1 1 0 mwrn-tmi. 2 o n m k ^5: 

•9. l£2SScOffiSifi^#§C:k{it#S. U-t, ^ 

-ft;-tsc:k*^je:<gkSit.s. 

X^'lBg;?t]R0-k>'-9--kLTfflV^I,f^i6fc«4. ;^h'> 

A;i.y:5^>f r-c{i^:< Ax*s^:J'>f .1 k**ffit»i: 
(i>;^ I. tmx'h s c: k j!^*?**!. . 

[0 022] LtPL-m-. MRS^&MR>^<y 

mmmmmthio^zL^sifit,^ iMin^fc^Nvi^^'A 

-ft-t^^k/ij^-jf^-Sk^r-pTKI., Lt^L. h^Ltziio 
c p p -MR«i^T-{ijgtfl;tt&^<yc&!)t?Sttlk 

^j:^<(^mmmLx. mmzmitmm'irdzk 

mm^zmm ttc-^x^^h, 

[0023] ttz, MRS^^MR's^y KtffiV^I,^ 

\z\i , /jN$ tcm^mmzn Lx^'&mzmwm- 1 , 

;*:^:5:MR^-(t;^*nt^,ti§ J; o '.z-f^'mti^hh. ^1 

iof^totti, ^yi^y-^'Wrfx-oiimmMmm^^i.-^ 
ntmM&&xi:>x'o±^^j:wmm.tim^fth 
kdiiz-fh-smifihh, Ltzt)^'^x9\'mm^zX'3xm. 

^<-thim-ifhh, LipL. c¥P-mRm=f-x\m 

mtm^m'o. ^taz^msti^mkLxLt 
w mmM^zmmMm±.-^^h^bim^f^j: 

[0024] Z.<r)tz}^. C P PAlfS^^'-^ 7°<7)MT' 

{±. 3 0%-knimR^-mmmx-^ h tooiim 

's'y FfflcOMR-fey-t-k LTfflV^SWiftiSjK-fli*^'!! 
ISk>Sr-:'TfcD. *«±^nrigk^oTV^|,. 
[0025]—*-. FeMn/N i Fe/Cu/N i F 
e. FeMn/CoFe/Cu/CoFe^SrfflV^it;^ 

b"yA;i.y^iiitfc\,^TC p P:^^*S«-rs ^ k t# 
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[0 0 2 6] 112 9{i. cpp-svmf'mmmmi 

mm^MX'hl. L*>L. ^:<^J:a*CPP-SV« 

^ 2 0 n mmmtx'm<-r^'£.m'^h *) . ^co^-ci> 
immimii. a. 2 kt- 3 o %mmz ti^tn. 

[0027] otD. CP PlSstcTJXh-yAWJiT 
{±. 1 5%SK«MR^-(b*t*^ff;^tL-f . LA^t^y 

[0028] 

c I PSj!i(?);z.h°y>svP7-|i, c p p^'ittfoAXt'S^, 
cpp^rJ^^coxeyA/^7'^. ««^r^r^3!/st^§^iT 

X\^h, t*»L, Jl^^f{±l 0 0Gb i t/inch2 
[0029] i 3 *P®wiS!8{::«":^v^ 

[0030] 

mmmim^i. tmmmmm(nim\:znLx 

\,zm.%id-;.-n<rmh. mm. hMtmm. 
hh\^\tvv\m. hh\,>Mmm. h^\-^\tTt^^\m 

[ 0 0 3 1 ] t/s. ifmm%2<mm.\zi:hTmmk 

mx.xmt-fmmm^-M-fh-mmm):.. mm 
\m'm)im^m\mmmh.crmzm^ ^^ixt^imm 

coKH^^M \.xmm5U-:mAthfzmzm^m^&, 
m%mm.%m^zm,'^Mz-n<r)W^h, mmm> 



[ 0 0 3 2 ] 5ri3. H«i^iiiJifi«*^\ MJtS 0%W 
[ 0 0 3 3 ] ^rfc. l5IEffitnSlSJl**\ Z»:JLh<0^ 

[ 0 0 3 4 ] ^rfe, mim^^mtsK mmmm 
nn^. t f^jiiuiBrs-fti UT luia^M+ra 

[ 0 0 3 5 ] ^rfe. MiagffiifflSl*^; ltiB#ittt*H 
[ 0 0 3 6 ] lulBffiffiiiS«*\ Buiewbii«l 

(^M*, t.fz\immmm^zn\.xmmmmfmifi 
[0037] ^rfc. mtmmmntiK b. si. g. 

Ta. Nb.AUMcP, V. As.S 
Zr. Ti. Zn, Pb, Th. Be, Cd, S 
c. La, Y, Pr, Cr, Sn, Ga. Cu, In, 
Rh, Pd. Mg, Li, Ba, Ca, Sr, Mn, F 
e, Co, Ni, Rh<D'^i}^^mittit'Jf^j:<k%iUk 

[0 0 38] ^rfc, fflfi^fiiiifiiWi:, |fifemi4« 
mmmm^h^^^immmmti. cu, au, 

Ag, Ru, Ir, Re, Rh, Pt, Pd,Al, O 
sco^J'-^r< k ^.^Ai:-:50^S^-#r^■t•■v^T tfti.\ 

[ 0 0 3 9 ] =5rfc, mimtmmmii. luiaia-fiiSM 

|l)loji+S>^v^{i^ffitJFM$ix, c u ^±fi^-!^tt 
^mi(Dmmt. e, Pe, Mo, Pb, Ta, Cr, 
V, Si, Sb, Ge*^^Sim^^-*<k4>tAk'3Sr 

mt. mx.?>i:^izmmLXt^^\ 

[ 0 0 4 0 ] ^rt5, mmmmmii.. mmit^m 

T#-ev^SmiWffl«k, B, Fe, Ge, Mo, P, 

Rh, S i , W, Crf}^t,miftl^'J'-^X<thUt-Ot: 

k S: fit X. I) i -3 1«« LT ft V ^ „ 
[ 0 0 4 1 } ^ffc, luiafi«M«l!4, mlBmSliS 

mm<nm^hh\-^\mm^zmiSL-^ti. KK-k±mtL 

X%A.X\^hW.l(^mmt. Be,Co,Cr,Fe,M 
o,Pb,Si,Ta,V,W,Ge,Sn,Al ,Rh*>^>M 
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mim'»ti-^m2mmi: mt ^xo fc« i 

[0 0 421 ttz. :^wM<^m3<Dpmizx?>mm.m 

mmt mmmmm t mmif (.tirz^mm 

(D'mizn Lxmm.ifmzm'm-i'fcit>i,zm^mMmji 
mmm^zmmmzim^fifz-mmmb , mfiE^-fki 

±. fe^vMi, wm&^mmm'^h^^^im^zmfS. 

^il. B. Si, Ge.W. Nb,Mo, P,V, S 
Zr, Ti. Zn. Pb. Cr. Sn. Ga, F 

[ 0 0 4 3 ] . mmmmmm^m . 5 nxt 
[ 0 0 4 4 ] ^rfc\ mmmma. 2%*>a> 30% 

[ 0 0 4 5 ] *i3. l5IB^Jiffl«*-;K0Ti^l:S{±. 

friBS^ti m t m&mmmtmmmmm t 

[ 0 0 4 6 3 ^rfc . mmkWM<nT\s~iV(r)^i'Mmt^ 1 
Otl^h 1 OOnm-t';b^Ti>ai'\ 

{0 0 All ttz. ifmmmAmm^zx m^^-^ 
YM. ±1 BO \ wfiMzimmmm)wm=?-^m i 

[0 0 48] ttc. if^wM<r>m(ommizx^mMM± 
±iB?i^'^-yK^«ii.. msmmmzmi^ 

I. 

[0049] 

mmmiz':>\>^xmm-t^, 

[0050] mimmm)mn±.^m<Dmim 

tmmizij-t,-mmm}m'fmmmm^mm±^ 

mxh^. -r^srt)*), ^^m<Dmmm)]m'Fi oa 

oKtti p . immmn s , m 2 cokki f mmzm 
miix^^h. ^Lx. mimmpamimmm 

R 1 m^X^tl. m2cOW±lFC(ijgaMSJlR 2*^ 

p , ^Mtt+rai s , g 2 oKttii F fiismasisftmK 

[ 0 0 5 1 ] S ^.fc, iO«JIffij§0±Tfc{i. «ffiJI 



EL*sig{t(^.ix. "tyxmm^miznixmmjj^^ 

[0052] *MK^EfcfeV^T{i. mi «OMttiiP 
{i. ^oM*^"RK«tt*Atj:S-:^|ftiM^rttt::J;0 

ttJlFJi. llS^L*v^lsmiBiim=5:t>f.|gi§^il. 

{oo5 3'\w.im!mphw.2(m!fmF\i. m 

•?'fl.ffimPSJlR K R27&iJfA^tL, 5SM'tt#:«FM 
/SKIiSlR 1 t^ciiffiffifiSilR 2/5Siltt*JlF 

HMRl , R2^fi)eA«Bjt03Siitt#:l{Sii«tta 

m^^^ Lxm. ^(m'\m%9.mf<z--wt Lxmm 

mmmm.\<z-^tfihtii^ti(mm<mm<mit 
{±. ^x'.mmy^z^b'otzmzM. 
ojsiMP ) \,z^\^x\m\m-i5Hz-mmm^tix 
tso, 7U-1 (m2o?swF) \,zii\\xmmm 
\,znLx\^m-<nw!c}5m^. 

[0054] 3|s*ft01JtfeV^Tli. «S I {i-hasmSE 

i.ti^t3-fmm.uzm-'->xmitifi. m^mR 

M.^imt?>i><r)X'h 0 . mmmmmxizx *)m^ 
mmm^f'n&mBf^ z t t^x% 1. . o± 0 , s 
tJiPSJiR 1 , R 2{±. -fe^-xms I (Tim^fmmm- 

'^yxm^.l(n>'m^m:\m.^'th nmm\ . tLx 

m-fh, ±IBfiaPMcO-i*ii^Jco«fciI>'f^ffl 

-k. m^o-^mmA^xwrnth. z.(nmm<r:>wsm^ 
iRfi, %m^mMz\^yt'.~)VY{tm'0.-^iifdmLh 
i-j:nx\^h, ic7)j£ffip^JiR^, mmm^^mm 
m-hm2o. 2i<7)PbW^, z.fiio(rm,z^i\.^ti 

USE L 1 . E L 2 &m M®tfiE(=«sii^flii-r 
i: s W^\m 3 0 J: p fc, t y *-;^H §r 

[ 0 0 5 5 ] § <?>t. ffi«$:h.fe«a I C0-|ff{i20«7) 
ffiSiifflSJi R 1, R 2 wra-CMjK*>R*f *) 51 L=5:*« 

citifci otm^A^'c P px tyysWffljt^ii^ 

{±. C I P®xtr>-AVL-7-»^(7)m^RW«i:f±, 
Bg(morphological){cS:a-ofc«fc^^TVi|,„ 
[ 0 0 5 6 ] C P PXh°yAVl.7'WtfcViT{i:, 3»± 
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2 8 fcWLTwa ifzc p pjoimzismm t m 

[0057] {MoT, ffimPSJi*iSttl)itfcj;D, 

ffl-ts . m^<7)C p px tyAVpyitii:^ 
T , m&tnxmM nmm^ c p p - s v t:mm- 1 i 

[ 0 0 5 8 ] tf^, :^mmmmizi3\.yxu. ma i m 

BtM tTSiSA-[6]tatiS C P P^j^S: t oTl^^Sfc 
mm:itiztj:i^ ^<nm^tLX. ciP:^iS;co*^ 

\,z\fm^zMmx^^j:ii^'>tzmwm:w^xwim 

[0059] &±<m^izX 0 , ;^ tVA;l'7^«Bi4-Cfe 

^tzc p pxh'y^-<iurm=Ftm^ti utmrnt^j: 

[0 0 6 01 tfz. *^tfi?eEt*3V^Tii, ^yMP. 

7V-mF(Dmitmfi^'ti-i^tLxmm-h^. m 
itmmii t' ym p cT^ja^tii* 1 1-^(^7 u-MPm 

-fMilcO^t j;-5T«rffifc*0. ISM'S y K^iOil;^^© 

■So 

[ 0 0 6 1 ] tfc, if^mmmm^zauxii. t>-«p, 

[0062] mmmvii^yMP. 7 u 

-n F mmcDm^ ttxmon mmmmx-h-o 

mWFxh+m'm'm%^ ztmm^z^j:^ , ^tnz 

X-oX. 7 y -1 Fcom s t ^/h^^rMfcm-oi fc 

T'#l.. h->'lP(7)Mstt,/h$<t-Sit7&ipr 
l^fc^rSf^a^, R3M'tt«Atj:l,Mll««'rM[&l± 

[0063] *»©^E{::i5 ifmtmmmR 1 , r 2 



tLTJi. Bi (b'XT;2L) . Sb (Ty^^:^) . C 
(m) mffi^m (-^^^^JV) ZnSe (-feV 

fcA*T'#^. :ifi(i>ff)mzi5\,^xii, ffiiSfrfcfiM* 

\<^fzib. mm'm'mxi7i?Tyi^^Mi.4mzA^^ < 

^rr>TV^I>. *«<)t{±Cu («) ^0^)1*^7 eVg 
g(?)7x;l'SrKT>'v--^'-'I'^S-5TV-vS<0t*ftT. # 
^JBtisttl. 7 x;l-S ^fVi^-v/Wi 1 e vmT<^/jN§ 

[0064] ico/^i6. Mtt*t^rl.^a)14'fc. * 
^mWn^'-v -y7"^^#c:{!-<^>^-I.Smii^JiR 1 , R 
2 ^Jj^tft , 112 t<5i»L/^ i -5 l,z±^^x^Tyi^^}\^ 

fc^l.. il2 (a) {±. h">-lPfc7'J-JiFO 
li'fOT^fO^^. 02 (b) ii. KTm^l^z-^^^ 

Ts ^fi^iimfifimithi!fiTy>'^)^iT'vrx\iy 

[0065] *^BS<0fflfiS(::t5V^T(i. ffitiiilMR 

ti:m=fWsXm h^b t'^m. hts:h. 
[00 66] Z.Kio(n>im\ZiiV^h7 x.JV^iTs'fy^y'r 
;UOfi{i, 1 eV-0 eVO|5llt&|.ii:*m t 
ct'9MiL<(i, 0. 5eV'-0eVi0lEiIj!)*'aL 

Tv^§. ^«oili!i, t.-f%uz. z.iiti<r)nmz^\^ 

x\±. 7 X 5 rff x >- >■ A-zwcottA^/jN^ {mavjN^ V m 
i.^i:*5i]-|gfc^ri.. 0. 5^v<D^.\mvm>t 

m^{±2ljM/Js§=5Hlt=5rl.^^to. iz^^j:mm± 

tmtizbu^x-^^, Lfzif^x. z.ix^mmzm 

h7x.)V^ii'^Ty'y\)V<mii±0. 5eV JjlTfc-TI. 

ic!±^4 . 6X1021 fflt^D C u^c7)#^StJt^ 

[0067] t /t, ^mmmm^zmfmijimmMR 

1. R2c?DftilS[fcLT{i. Au (^) . Ag (ig) it> t 

^fc«uv^fc46, ±^mm±mhzbmM,x 
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[0 0 6 8] ttz. *mmmi,zm?>mmmR 

nmLt:^'r>i^^)mX'ht. -t^^h-h. 113 (a) 
i±, h°ylfc7U-««-fkA^Wc^«-&, 03 (b> 

[0069] ■m-cnmmmtmsi 

P^lRi. R2tfettl>l:^^^ohy^^;«*t3j;^T 
A-<b{±, 0. 1 eVfilTT'S>l.»*^MtLV\ 

[0070] if.mtmm\<ziii,'fi,mmwiR 

1 . R 2 i: LT. try*-;W7!)^»filc§^yslMi*SrfflV^ 
y*-;uW'fXJi^>??airfc'{=J:-:'T^£§tLl.. 114 

^^£wmmm'^hz.bm^t^j:h, ttz. ey 

10fflJjLJi«7)ey*-;WimS^iTv^|,it*^. 51^^ 

/t^vf— 9C7)f ysi^-yPHASffft-r-S i -5 fc-TI. ; 

t°y*-;PHcr)h-:?;««i;«^coMH 

t L < {4 5 0 %]iiTT-$) I. >r fc 3!>^S^^ffiin:^±#§ 

[0071] mA(r)S,m\^zii\^x\i. m^-uosiiw* 

i4h°y*-;l.H^jiL7t«M5«tct-3T?^*§« 

mmmRi. R2^mm-mmtvx. ^-y 

Stt^S i ( U 3 y ) t'^fflV^S i t fcT 

)t:^ft. Co {aA)VV)mm. Ni (::i7^ 

mm. cu ®«^rk'c7)A'yr^w hoffi 
\Mmm\^h;ibi>x'%h. -eco*^Tt. 
{±±fcty*-;uHt j;oTSlBS*ii. . 
c 0 0 7 2 ] m<r>mm\.zi5nmmmMR 

1. R2«Ji§*>3lS«*l^-r§ii:#T'#l.*>\ tfy* 

-;PHcOJgjSS:rillS.-o^^fc-ri>f>:a6W4, 0. 5n 
m-l OnmcOtElimS1-Sik5!)5«tLV\ 
[0073] h°ylP 1 7 U -IFco-^fimw^gfiiUll 
SlRl. R2fcfc{t'l>b°y*-;lxHO{4S4, 
y^^-;^L^r<TtJ;v^, icoif^a. ^y^Atf^ 

[0074] ^wft^rb-y^-yL-H ^ito/tfiffi-iiSil 
Rl, R2com:fr&tLT{±, Wifi'A 1 coWiiS: 



mmmL. ufmt\.zimm-hzbifix^h. t 

mLiz^. ffiil^f^y^rejtLitO, S«7i^';*;l'S:B| 
ML/iO-ri.ii^*, :c^-}V^-^:^-th-i}'AX'm^ 
X'%h. 

[0 07 5] t/c. MMtlkLT. 0iJi.{fAl-Co 
ttf4k^^P#«-r§^:i:(^J;'9A 1 -CoW^-7^i 
fcj: D . A 1 cn^i-rmWi^zWtfh i i: J; -?T i» 

[ 0 0 7 6 ] tfc, •eiljyi'hfci, , »#fflm*T-mi 

■tS k t j; 0 ty^wl-HSr^^-^f^M'fkSarJFM-rs 
Z-bt^X^h, 

1001 11 ttz. ^coJ;5^rb"y5t^-;ixH&3f^fcfi 
fiiillSEJiRK R2c7)]giJco»)t*-ai:LT{i. mm. 
AFM (atomic force microscope) m'i^^'^tzWMM 
I. t;/;:i^iiK(;ti:'9«IiiWtia?iJU^fy*-;l' 
H&m-fSClfctTtl.. AFM^^fflV>>^^WieaDl 
nmzM. 1 Ox (i!^liT;l'5-'>A) 

H^J^^LTfe^s ^c7)AIOxfc5^:&MttS^ktJ: 

ystry*~;i/^^^-r5Ji^t{4. «i.(f. A i Oxo 

J;Ob-y:i^-;W*^5g)5i(;$:h..|.^i>'Xh&ML., ^cof 

y*-;i^^^«A 1 o x^ 5 u y^'-^R i Em^zi m 
i:Lxmm-^^bifiX'%^. ti^. ieffl»ktJ;0 

S?iJLf^b°y*-;>H^»o^^ai#:&lI«. 
[0078] icoJ; ^ tc$iJffl!$ti!t:*?ST-by*-;i'H 
(tSby^l^-zWHofiffiMf^^^^^Sgt^rl.. -t^i)*?, 

US (a) i<zm5rsLfzi^\.z. ±.y<Dmmm.mRi . 
R2o-mx\ by^-yt-Htofaa^isitiiF^fc^ri. J; a 

fc-rSikit'^l.. tfz. BIS (b) t0iKL7t<J:5 
fcs ±.TffiW!^mmRl . R20raf tfy*-;PHc7) 

( b ) mTT^Lfzi. 0 mmifi-ftix^^tM. j; ojs 

tt^c ppxiiyj'^juymf-^^-t^ z b ffiX'% !> . 

[ 0 0 7 9 ] tf^. mm-^fitzumxh-yit^-iuHm 

fS.tliw-^l'Zli. 2ot7)ffiKlllKJlRK R2fcfe(tl. 
by*-;i^H<7):^# $ coP^f«4;il«5-r S t ib^X^ h . 
•t*;b-(i. by*-;l'HsO:^i:$Sr. ±T<?3ffifiiJi«« 
RK R2c7)HT-|lt.t^:.|.J:-5ic-ri.ii:^>t:'g!, * 
fz\i. m'j:hXoi,z-t^Zbi>X^t, jgSMBlR 

K R2co3*>T-\ m=fti^K'>xm:H<^mmmm.mn 

b-y*-;L'HtO:;»c^ § $:«^*iE±STff <i•^Ob■■y*-;^ 
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{ooBo-i tf^. mmm/n.=f-mmmmm& 

tfeftSffittiiSJlR 1 , R2{±. &-tL^imf3iX' 

« JiLhoffitriiss R 1 A . R 1 B S) I, V ■^\±mmmm 

R2A, R2B^-g•^T•■V^•r^>j;V^. ^IW j; d fc^astco 

C P P - S V Sr^iS-fl, ^: ¥X-% h o 
[0 081] tJt. 7U-lFcOW=i3ViT{i, Il7fc 
jgfii;iiSlR2&5^iltt#:lFMOrt 
g|5(Cff A-tt-r t , imtm NMl.NM2tj;'3tt5^L 

-pT. }gtiiIiiaJiR2tj;-DT7U-«F«om#1ii:: 

[0082] JjLh:S:«ajS:#lf !^^*^J^«t=i3{tl.^ 

3il.V^{iN i F e^^COi i «^ 
S>l,V>{±Fe^^^fcJ:'3«-tl.C:i:**T'& 

I.. 

[0 0 83] CICIT-. Fea^^fcLTii, Fe 

(1^) . FeNi («^r:.y^r;U) . FeCo (^n^N'/l^ 

b) , FeSi (i^i^Uny) , FeMo 

y) , FeAl (|^T;l'S:z'^A) >5ri;'tO!p);KM#tt& 

[0084] *3t. Co^^-^^iiLTii, CotSL 

Fe (fc) . Ni (x..y^r/L.) , Au (^) . Ag 
(IS) . Cu m) . Pd . Pt (a 

^) . I r (-^ y i^'^yi",) , Rh (ni>''>A) . Ru 
. Os . Hf i^JW--^ 

z.KtM=m<rmmt. 5-50 

JI^%fctl.ii:3{^fftL<. $'oWi:8~2 0i!I^^% 

[ 0 0 8 5 ] S . *«M^?Jt*3(tl.m 1 J:t/m2 
«±1P. Ffc-^i^tTVM>ei!«*l{±. HSt^J 
S^UcJ; 3 5fi®tt»lFMt#ffl±«:lNMi:coW 

[0086] US ci?ij5^L/t J; 0 tammwm.^'iym 



*JI/^HStt«tl<0^nS:®i-ri.J;ot^rl.. CP? 

x^v)<.}vmiz^\-^x\t. wmm/immm<n 
mm,zmhVfm.'m%. ■tts:io-hwmmfi-k% 

cpp-MR&fi;^$«kv^ 

J;D;^^^fiffi^'(t:^&#l.ifcA^'^|gi:=5rl'. =3rfe. 
II 8 tfcv 7 U -l F k«SE L t (7)Pat {±, «Me 

[0087] mmmm^ 1 . r 2£0ffA{i. m\zc p 

p X h° y A 7-;HlOft fiffi-fk tSSSA^Si htK t yjf 
p. 7U-lF^amkl-|,c:k{i. 'mzmMWmx 
\zm^t^hi>. ^w2-ocoffl;?^^i3-frsifc 

;P7'jiS:#l.ik*%8gfc*l.. 
[0088] 2|s*ft^Jtfettl.3Mtt*JiF M/^M 

m^^mmwmtx.xxt. ®tt*JiFM/«tt 

LT{i. 3SlKtt*JlFMc7)ttftk UTtiF e 

Mc7)tt^kLT{±Cu, Ag, AutL<{i-eitfe<^)-& 

[ 0 0 8 9 ] t/i. ^W*lNMcOtti|Hfk LTJi, i 
Kio\:m\Zio. '^\Z^ Rh (oi^'^A) , Ru {iVf- 
■^A) . Mn {-^yiiy) . Cr (^'DA) . Re (V 
-^2.) , Os (;i-XS'>A) I r {^Ui/''!7A) ^if 

l>V^{±Re^ffeV^§ik*i'a^LV\ 

[0090] ^fi^co 0 hx\i. ^mmsitf'mz±^ \^ 

m?)-^h^tLX. FeK-^^/Au, Fe«^#/A 
g. i>L<{iFe«^#/Au-Ag-^^^ffl, Co» 
•&ife/Cu, Co«^A/Ag. Co«^/Au. t 
t<{4C o»^^/C u-Ag-Au-^ife^ffl^k'Sr* 

[0091] Mtt#:JiFM/#ettfiicJiNM<^«ii« 

^i,z-^tiix\^mmmmFm<r)m-bi.x\i. ey 
JiP^^i5^^T{±^s«w^^1^^ita^s■t, 7U-JiFic 

i3V^T(±M s t m< LX-mm.if^mhfzisb\,z\i. f 

[0092]-*-. *M#01Jti3ftl.3ii«»lFM/ 

tLx\i. mm%^mj^z%hfz^i,z\i. im\m<r) 
iim^h^x-h^^kffmtL\^. otD, mwmm 

F M k ^!5Slf±#:il N M mmth MfW'm ^ t#Hvf <?) 
ligfStS)|,::k*Mt L.>/^„ U^t. S^^tL^K/b 



[ 0 0 9 3 ] . ^mnzmmmmmFM/ 

{± . h- >-! p 1 7 u -« F {± . -e^imm 1 io5s«ttft 

1 F M K m 2 05fi?att*li F M 2 . m 3 

FM3^asuc«^*-t§. fflt. ?s?Ktt*Si7)a 

[0094] eyJiP tioViTJi:, f^ffiSStcO 

iz^^xF e/An^m^m^h:it*^mtL^^i\ Fe 

mmtmtLX. Fe/CoPe/Pe. Fe/Ni 

[00 9 5] -^r. 7U-i■FtfeV^Ti,, *Bffifii<0 
±%^j:Fe/Aumm\>^^ZtmtL\>^ifi. Fe 

iiuv^. -?-<o:tto. mmmttxii. Pe/cop 

e/Pe. Pe/NiFe/Pe5rfc'«OJ:3t. 
!»ttO»L-r \<^S««r-ti: <7)SlflS3ti:-f 

[ 0 0 9 6 ] ^ ^mmm/msmmmmmm^ 
x\'^:hmm^\ 

[ 0 0 9 7 ] H 1 oi±, wMmmMmtsmmfrnMij^ 

2 aW±co W,tt*l t J; D fflfig $ tLT V ^ I, m-^iMir^ 

■tm^mx-hh, ttchib. mmi^zmLfcm&nzn 

v^Tii, b-yjlPt7U-iIFi;A\ -^ixm^lioes 

F M 1 1 m 2 mmmm f m 2 1 . 

[00 98] iJlJiif. 7U-«FtCi5V^T{i. #Mjgfii; 
cO±^^j:F e/A uHLS^fflV^I.^ t*4'a^ F 

e mx'iiy 'J -« fc Lxm^^mm^m^mh ^ t 
^tLfcMLT, mmnbLxmrnm^ 

LtiC o P e , N i P e^(?)!jiicKM#ttcO®ilTV^|,E 

Bmti^i^^^mmmiimth ^ 1 1 j; d . ttis^ 

[0099] * ;^^g$ffitt#cJlFM/#®ttfljJlNMO« 

Jiffiiitfe}tl.5S)ltt*lFMt. Fei>l<liF em 
■^M^^ttLm-^l/Zli. m^B^Mt^f c c (face cen 
tered cubic) mmX'hh^ibtfimtLW ZtlliA 

u. Ag. cu^cof c cm^<^^m^mm^ifzm^ 

[ 0 1 0 0 ] ?«±*«/^^Stt*«£7)«JIfll3i 
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izmmmmmt ix 2^m'&mm^^h^ 
h^izii m 1 1 izmm j; a t f c c m&mm 

mmm ( f c c ) k b c c«jic7)5Slitt#:SPM 
(bcc) bm?>--^h^i::bhT^t. HffiXo^j: 
m^^h'tiza^^Xli. f c cfflitcog^ttfrPM ( f 
c c ) k b c c«ji«05UStt#cP M ( b c c ) ff)m-^ 

k^rs. m^sLtzidiz^ mi<7)mmpiihccim 
c^immm. m2^7)KttiFi±f c c^jtcossistt* 

Skv^3J;at.ty«Pk7U-«Fi: -C-«B^B«3i*^ 
Tsifgk^rl.. 

[0 1 0 1 ] ^/i, :^wmzm^xi±. tyip. 7'; 
-«F &ii)tti.3fimttft«/#«ft«o««ffijit 
ii\^ximmnm±imm.m^i: tx^^mmm 
h i>K wzmz\im&tMmm.mmhmt^h 

tryiP. 7U-lF«?im!«M4{i. aWf 
5gtt5{tl.feS1S^^^«5iir€fcPS-r S Ci k J: 
o-ciflj±§-tSik!{)«t'#l.. ::c7)fcto. Ili2^cfia» 

M.\b%2<mmm^yi2bmimm.b-thbi. 
w mut. mm^m:. AuJi/cuji/Au« 
<7)i.^-mwm.b^hb. ±%^£mm.^mik\.-o 
-:>%m-^=^m.^m,L. %W£mm.-k'^i>:ib 

iMtWziih. 

[0 102] sf^. i?.wmzmhw,iii^-(S%2(m 
tiiip. F\z-%t.tix\-^mmmmFmi. Hist 
wm i d t , 5S]se*« F M 1 /-mmm f m 2 

cOffl/iWitt i D^-tSi k tT-# I.. iW5«f!|: 
JIFM l/»±ftlFM2£73««ti^fc45V^T{±. 3S 

m^'}X\^h, 

[0103] z.<n^o^Mmmmk^ymF ^ 7U- 
m F mm-r^ b , m^fia. 0 ^itcossiittfrJi/ssia 

tt*Ji<^?rB^jiS-ri.J;3fc^rl.. cppxeyA';!/ 

fmizi5\^xii. m.mm/m&mmmmi,zm 
#ttS:j#*>. cpp-MRim±-^^ib^^dmmm 

fiJffl-ri.ik;!!iT'#l.^ci6. J:0*#^: 
i k m^b^j:^ . 

[0104] ffiirii^iR 1 , R2conxi±. mzc p 
px t°yA77Hcofifitn:-fbtSlJ**^'$) I. t°yi 
p, 7'j-/iF&«ji-(k-ri>^:k{i, #tMRj:b(^ii^ 

izm^mi, ZCOfz^. Z.(D2'0(m.?f--^h^h::b 

{zx'o. !tft*Mt-\ ftMR^ft^cocppxtryA 
;i'7'M&#l.^k^^Tirtgk*S, 
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[01 0 5] 2|s*#fflJfcfcV^T«i. try«Ps 7U-« 

[Oloeitfz. tyJl p , 7 y -1 FcoM{±--* 

k 1 U-fl F^DK«W<7)<^t J: ^T^t^t^^ 

7 ^ xA^'ifpfiiij $ titzm."^ y V ^mmt h ^ 
[0107] ifmm^zanh^mm-m/mmfm-m 

l,V^{iN i F e^^cOJ; o^^Sett*. S)l.>/^{iF e* 

J; 0«-tl. i t *>'t-§ S . 
[0108] mmsimi>z-X%\'^?h^h^t LX 
(i. NiFe-^^/CoFe-^. Fe»g^/NiF 
e-^^. i,L<{±Fe»^^/CoFe-^m^l.:: 

[ 0 1 0 9 ] m!mm/mm.m<rsmm. 

ifcA-'Si: Lv\ mmfiWzitm^^h^izii^^X 

t.^tz. m-<nmhLxii. mmm'^tfzu^i'Z 
{i 2 n mmxh ^^h-hmtLw 
[QUO]-*. mmmm/mm'&Liifmm.mm^ 
i,z%tfix^ym-mmm<^m9.\i. mmx% us 
ii-^^<-tuz^<>z\±. 1 nmWfX'hh ^Ltt^rnt L 
ttz. rmt Lxii. mm^mxi>^m&m^%^ 

[0111] ^mmm/^mmmcommmmmfS. 

v\ Lipb. '^•fn>4mmm<rm?f--^h-ti,zm^-t^ 

[ 0 1 1 2 ] m 4{±. m.<mmmt:^-ti>^ 
<r>mmmimmmx'ib^>. t^xh-h. mmm 

fcfev^T{i. \fyMP tyU-mF<D-^ti^'tW. mi 

mmmm f m i fc m 2 nm.'mm Fuit comm 
mm^^L. ^(btm^ratiiRi, R2mmLxm 

3 <505fiatt*l f M 3 A^iSft ^>tLT v> § „ 
[0 113] MUt. 7V-!MFi>zm^Xl,i. ^m&iji 
co:^^=5rF e/C o F e«^fflv^|,c: t^MS LV^ 

F efc{tT1±7 V-Mk LX'MmmxmMn-\^^'l% 
hZkmil^\ -fOTttot, 54Mtt*JiFM3J:LT 

mmftm-^irz^ iFemff)mmmmff)mtLX\>^m 

kiJ^m^z^j:^. 



[ 0 1 1 4 ] Si/s. rnmmm/mmimMmmmm. 
izmimmmmiz. FetL<f±Fe 
ii^mui. f c cimx'hi^kimtiw 

{i. C o F e . N i F e^CO f c c1iJi<^ASS:««^ 

hh.mt. hccmmm^^^ki>x-^i. 
[0 11 5] tfz. 2m.(Dmm'mmmi^^h^k 
tT{±. f c cm^(^mmmkh c cm^mmm 

m^-^h'^^ZkhX^:^. HllCMLTfflTiUc 
mmk b c cffljt<^3SKttfrco«m€. 7x;l^Sffi 

m-^. -^mm^co^^mi}^±^<m^j:hfziib. mx^j: 

<ES«i^07^;i^^-SI)a&#l>^tA^'^fgfc*D. * 

[0 116] kz^x\ cpp-svi,zt3uxmmm 

=f-ifi\^ym P i: 7 ij F ^31 D J^ftl. ^ t > «^ ft 
a^^ttS*^, tyJIPi,L<{i7i;-ilFSr^W[iL 

i^-T)v<mm\izmLmm^mt ^ fc t=5ri. . cico 

7ta6. \^ymPky^)-mF\,zi5nh^mWini:^lh 

$&fS< L^xti^tyi^. X\^ym^^^:m<%-^ZkiM 
mkts:h, oiO. h-y«Pfc7'J-iiF^)«lj§IliS: 
WmAzmtchh<r)k-tt^k\iZi:.y) . ^h\,zmmzL 
-9-9 , ft M R^-ft$/()>»i-C# I. C P P - S V Srl^t" 

[0117]-^, ^Mtt^PaWScolffifc L-C{±, C 
u m) . Au {±) . Ag (ig) <7)J:a'SreS«^c7) 

^mMfmn^\^WAm\^h:ikifimtL\\ zcd 
kommm^^t^kizx*). m=Fi±. mimm^ 
MPtm2mmmFkff)mt:y<vxf-^ -yi'izm 
■ti:ikm%it^j:'o. x*)m^mzmmmzm-t 
h%=f<r>x \f:ymmMmmth nktfix^h. 
^inzx ^iz^mRmmm^^kii^mk^j:^. 
tfz. im'&^mms^:. ±a£03^£07c#o-^^K 

miza ft I. '^^B^&mimm^xmmmt ^:ikm 
mmizmmmmti zk:bmt lv\ 

[0 1 1 8] 4mfi'^mMSkLXli. Hi 5t 

mmmmmifzXd^z, cu, au. Ag^(7)#m 
«i uzimm s 1 s 2«DWitijiT«)t 
ti) i fc i> ^fgT-* § , « t # . ^W.ttl s 1 /im 

ms2(7)mMmMmMMmk. b-yjip. ^,L<i± 
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c p p - s v^mmizn ixms.umzwxi z t 
M R^mifmx'^ § c p p - s V ^^-ri, 
[0119] -u. mmmMAmmt lxh. m 

tV^„ Efte^Wi. PtMn, NiMn, FeMn, I 

ifimtu\ fit. ^m<i-?>kmmmfwm 

[ 0 1 2 0 ] 4;^^. &±(7)mmzMx.X . HI 6tc<5iJ5^ 

mmFm^-ffiij^if. tfzimiji>zi3\^x. Kmm 
m-^mActritixm^zmmm-^i ltv^s- 

z.(DXd^j:z^y-^f-^ ^ymmt:mm-rh:itizi*). 
e>'JiP^=t5v^T{±. mn±<mitt:-i£vb-t^:ik 

liKtioM^^jNS Ki-mt^ziy), X 0 «jS«=3r 
[ 0 1 2 1 ] § (c. &±cDmf&(>zMlX . h°yl P S: 

[0122] JiUiC0fi#:f?lJtCt5V^Tii. «iE L 

^ts Tg|5«SELlfcK?S?11t/iAi:coFBlt{i. m 
tt^lftli^-tts S /iSBl,tt& i^±$-ii-2. fzMzTim 

g|5ltgEL2fc7'J-«Fi:orat{i. ffittSfc^rl.'^ 
#JiC^iE«tl.::fc**atLv\ iix<oTtffi«B. « 
mCkbXli. Ta (rJ'y:?;!.) . Ti (f-^'y) . 

[0123] { m 2 MlSJgE ) , *«0B<:O^ 2 «fe 
[0 1 24] HI 8 *^BJ!<?)m2Mlfl^ffit*^*^^ 

mMMmmm'f'mmmmmtm^mx'h i. , hh 
t■ov^T{J:. mijbmmni>zmtxwMtrzi>ff)tm 
mmmam-(7)^^^:ii bxmm^j:mmii^9^-t 

[0125] ^■mmm<^'mMm^nf-i^ . h^sco 



H« s . B 2 co?S'i4g F mizmm ^k.^ yxw& i 
(±. m^iiznLxmmHzm-^fih, ^rfc. r3«f± 
«A. miioisitip. ^tt+wis. m2<mm 

[ 01 2 6 ] -e-LT. ifmmm.^zmyr:},i^ imm 
m sm{,zmmmm-Rmx-^tix\^h , 
[0127] ifmmw.zi5\^x\i. «a i {iiisms 

EL2*>A,Ti5«fiELlfc|Bl*-oT5ittlS*^\ jgfilfil 

^i^c ppx\:yii)Vy-m&'tm&LX^<mmi:mrt 

[0128] imimmizii\-^x\±. nFf-nmmmt^ 
'mtuzib-^wbLx. ±^<nM&mm±-^^h 

[0129] iiLhcoaimtJ; 0 , xtyAVk7'«T-S> 
-j^c P pxty^vi^y^^^^l-l. c: t ^^nrtgt^r 

I.. 

[0130] i/tslsllSte^Etcfcv^Tt.. eyJiP. 7 
^)-mFmmiHifhLxmm-hti'i!b. mmm 
\t\^ymFmmMh i^^7 u-JiF«?K«ffli<o 

MzX'ox^w^ztx'o . '^-/Ym(nmm.^'tyt~\iz 
m^^h^^.zw^jv^j^'^^yy^xmm^iitzm^ 
^ 'x K ^%m-fh z. h mm.\zts: § . 
10 13 11 tfz. *»mmtfcv^-ct, tVlP. 

fcib!isi-i.t, mi^c7)#M^?i$£M^i'-$-!i-, mm 

iMtlhtchtzi^. tyjfP. 7'J-/iFc7)-^|tc7)Ms 
tiMmk^j:^. mmai. ««Tttfy«P, 

7 u -1 F ms.i¥<Dm^ t LT (i 2 0 n mmmx 
h^fzi:>(r)ifi^ ^mzthzk\,zi:^ . mmm 

oii:*«r«gfc=5rO. ■mssfsxyiyj^iwm^tm^ 

■th:ikifiX'%h. 

[0 13 2] ttz. h°yiPtfOMsti^^hS<-r.S.rfc 

t^ti ktcuziiy. mmm a t j; ^ tt^ 

I^±$-itl. .1 fc*^-t-^ . r'A-^ X k LxniWrnmi. 
^^hZk-b^^mktch. 

[0133] ifmrnmi^zm^immmMRmPtk 

LTt. mi«fi»»ic|lLTM3iU^ttOt|iiat^, 
Bi. Sb, C*C0*^«^. ZnSem(^\^h^h-^ 
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[0134] z<y)rzi6. Ddf> 
t. imV?-limi-^tihi.oliZ^j:h. ^mtfev^T 

[0 13 5] itL/i>«ottfiti5ttl.7i;l'S;K-r>'i^-\' 
1 eV~OeV<5DliHWiU-5T\-^l.::fc*^' 
atH.\ J:Oa*L<{i. 0. 5eV~0eVco«ElI 
imLX\>yh. ^oaAtov^Tt. mill»EtcM 

bxm^btcm^xh?,. 

[0 13 6] tfz. :¥mmmizi3mw^mR(D 

m^^hZtiyX'^l, tiiiL. zm^izli. $>t*)iz 

[0137] tfz. >s^mtmmizmfiwmmmR<D 

:^^Mmi,z^'?xm^^fi^fzi^. rtm<t£h t 
«io. iQvvxTxhhzttimt,L\\ 

[0 1 38] «Smsic*5(tl>ffiffiiiMRi; 

Lx. mAmm6\,zmLxwmLtzi:^ts:^y-^^-)v 
¥mis.^fifdmwm\^h zt^^x--^ i . ^(Dm^kz 
i,mi-(nm&mmi.. ^^yt^-jvco-^A x-^^a^rft 

^■i^UMmmmmri,z-fhzh\,zi.y). 
*£mMkmkmhZbtii-^^t^£t. ttz. ey* 
-;p^ftfcov^T{±. m=mmi,z'jfii<h 1 1 om. 

ytey4^-;l^col--^';««i:»iFffi«i;coJ:l:*{i. S 

t u < (4 5 0 °mTxh hz.t m^f-mk^im-^ 
fz^i,zi,immm-hi, 

[0139] .rcoii-^Cii. m^iOSg^iit-y*- 

ji'z:mifzmm&m^zX'oxm^^fiUzi!b. mmmm 
mR^m&i-umi^bLxii. j-^um^coiK-^^^h 
CO. miis. A 1 mim'^s imim^^b^m^^izt 

irX^h. fztzL. CoWim. NiS-fb*, CnWit 



[ 0 1 4 0 ] if^mmwi,zmihm.wmm^ 

\±. t>'*-;l'^Jg«ba<-tS/ii6W±0. 5nm~ 

1 0 nmff)mzm^-f hzbifimt 
[0141] z<D-m'^yt^-}Vk^-}fzWMm<m 
m'Mz-^^^xi,. mimtmm^zmLxtmLfzm. 
(D-^im-km^^hztifx^^, -ttsh^. Kicnmmm 
^, xj'^-^mm'mzi^-^xm^Lfz'ik. mmmm% 
izmm^ ^ L . mmmzx d mm-h z t ifix% 
tfz. ^nmizi>. mmryx-?^z^i^i-. mm^ 

t ymMit^ . mm y i^';^;^^ HSM-r S , ^ox;t.;k 

^-m^thimx h m^x^ ?>.trz. mmm t 
Lx. mni[A 1 -Auco^^^j:mmm.itL^^mm 
t. mitb-:s^^^mkm^j^m^zki<zi:'oAi 

-Aua)i/y-a.y-m'tms&tXi5^. ^tLim^l,z 
m-Z k {c J: 0 . A 1 (D?^rMim^zmiti-^ 1 1 J: 

'^xmmx'^?>. §^>t. ztii^mi>zi>. mmm 
mxm-tizti,zx^\iyt^->i'm'o-mmi 
mjs,-r?>zki>x'^i. 

10142} ttz. c:<D«5rty*-;>^i$o;t*fiM* 

Mmimi&jjmtLxii. mm. AFM^^^v^Tt 

ts-jumm-t^zki^xm. ztihmmhmim 
mmm Lxwrnitzm 0 xh i . 
[0143]-^. ifmummizmmmi^R 
i,. 'S^-fLiyimtrnx-miii-^fix^^^-miitcK. 2 

JiR{4. #Iltt4'rBW so^'t 1 H^o^^T-^: < , Mm 
ijm'ri^fiX^^X j; v\ Z(0^ v t«£OffiSLiiIS;i 
R^#«tt*rHW s tff A-ri. ; k j; 0 , J: D^^co 

g*i=5:C P P - S V ^fMt-l. i kmmk^j:h. 
[ 0 1 4 4 ] $ «B^».cOfl|j!it{4. *%BHc7)m 

1 mtmmt txmm uzmcom^km^^h^h z 
khX'^h, ztiiizi:*). $<i,ti^ffiiiiocppxe> 

[0145] mmmmkm 1 mmmk (nwh-^h 
'±\izii\\x. \^yi\-^~)\^<r>m.mmi.xmm-h^ 

Wi, mm«55ffiin:traSilR. Rl, R2ti3(tStf 
-/PHcofiSi H 1 9 L7t J; -5 fc. -g-tL^efico 
h . -Ij. 112 0 fcW* L/S J; ^ K^-timtOffimiK 

[0 146] ll2 0t^L7tJ;3tb-y*-;L'H<7)ftE 
A^r^T V ^y-c:^*^ . itSS^ J; 0 Sdms^) tfi«-r i k 
ipX^ ifzisb.^h {zumm c P p X h° s;i,7W 
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[0147] tfz. iOi 3 t^ty^-zI^HCDfiMtrSiJ 

1 , R 2 izmh ^yt^-)UH<7):k^ § mmi>&wx' 
-)i^H(D±%^m^xixo^zti^ti>x-^?>, -r* 

l,zMbX±mMzmf^iii>i^co(Di;yt^-iiH^±^ 

Mzmmi t . m^immmmmti ^ t-h^x- 

[ 0 1 4 8 ] tfc. i^%m<om2mmmMzmim i 
i3j;t/'m2c7)]attip. Fi,.mimtimmmtxm 
mttzi^oitm^z. ^m^m . ^mmn/imrt 
mmm-m. immM/immmmmmm 

[0149]-*, ^m<^m2mmmizmmm 
tt^iaisi,. :^mcomimmmmixmtt: 

[ 0 1 5 0 ] mm<^m2mmwizmt'm 
mmMz-o\<^xh. mimmmtm.\.z. mtwm 
mmzmfammmimm^'^h^'tm.t 

M?'MZ\i, PtMn, NiMn. FeMn. IrMn 

M-iimmmB- ^\±x'%htim<-thLhi]mt.L 
\\ fib^DiK-ri. hmmmmmmtLxLt^ 

tlSmmi, C;tf0f^&^)lJI{±5nmIiLhfc1-i.-fc 

[oi5i]trz. !^i±.mmzmix. mi mm 
X. ^^h^hi^y-tT^ -y^mmmmmmmLx 

§^>fc, i;XtcommzMtX. h-y«p^2Ji 

b itzmmrj^rmmt txhiw ztih(oj^^z-> 
v^Ti, mimmmi>zmLxmi6i:miL-o-:>mm 
itm^x'hi, 

[ 0 1 5 2 ] $ loic. ^mtimmi,zt5\,^xi}. rmm 

mz-r>\yr:\t. %\^m.^zmvxm\i-km.\.^ 

-My^umy)x:hh. 

[0153] \%\z. if%m<^mwmmxz-r>\rt:. mm 
wsr#BSL-o-9$ h\zmmzmm-h . 

[0154] {^1 (n'mwh ) *^BHcom 1 

[ 0 1 5 5 ] 12 1 ii, ifW9iffi% 1 

z.<mmmiwm-<mm<znhxM. t-t. H^t 

^r^^isK-ftv-Uny (s i ) md^z-xn-, rMzi.-^ 



•rCuTl:fiELl^lJj5 0 0nm«JiL, VtV^) 
fc. -ewl*. -ewifcSxzmAiOCPP-SVSr^lit 

s, 

TaSnm (-''?'y7rSB) /N i Fe 2nni (>'n'7 7 
rJlB)/ 

PtMnl 5nm /CoFe 1 nm 

(h-yJIP 1 ) / 

AlOx (fiSiiiSRD/CoFeSnm (UylP 
2) / 

CuSnm (^RKtt4'raJlS)/CoFe5nm (71) 

-IF)/ 

C u 2 nm («I4#:J1NM 1 ) /A 1 Ox (fiaPS 
1R2) / 

C u 2 nm («±«s]iNM 2 ) /T a 5 n m (ffilH 
C) 

[0 15 6] jaKPSlt^:I.Al Ox{±, A 

1 (r;U5-'^i>.) &«Uv:f*. ®«»Hm*« 

A 1 S:iB®-ft-ri.ifct=J; OJ^^L^. *^fRJ 
ti3V^-C{±, Al^lnm^L, ®«i=lk7V:/5 

V^/iA 1 Ox^Jg^Lfc, -r^*)-fe. 3is^«?IJti5V^T 
ty^-yWAiatfotL/SAl OxJl«tiaiSlR 

U R2i:tT«tl>. 

[0157] ±iSXh"yA-;W7mO±t§ 

Ai OxKZ£j^)?ict. 0. l/im:ft(555^:Sr?K)3gL.;t<, 

JecO±tCu (gil) ^^i5;5 0 0nm<7)JliftXA°-y^'S 
fc,l;oTffilLT±ai1WEL2^?g)SLit. *»fii5iJ 
Tii, ±iS«icJ: 0»fflA 1 O xMZc?) 0 . 1 
(7^r<km.LXQ. P P - S VWfiSrSI^-ri. k A^fgt 

[0158] mi^kzii\^mmnm%. ««Si{±7 a 
T$) , mmmmi i o ^#1. ^ t tz . 
^tLfcj;'?. 0. iQffimm'immicLbi^x-^ 
fz. ttc. \::ymPitMmmimm^ti. h-ympi 
mm-rmm^mmiH^b ixmm^?>z.b^ 
mx'^t:. tti. 7y-JiFc?)Hct,/h§<, mmi 
9[-m&mziiii,x-Wb Lxm^^x^^i^Lbmrnx'^ 
a, 

[0159] (jtwj 1 ) t-f. mmti^v ziy ( s 

i ) *«±fc:^A-.y mizx-oxc uTV&i 5 0 0 n 
mMt. 7:«-M;y^^77-f-t=J:'5«i9xim«;?.h 
y-!rmi,zm!S.Li-z. -ecOf*. -?-«7)±t3//mftWCP 

p-sv^jtMtf^„ &T<^m^x'h 

[0160]Ta5nm (>'S-.y7rJi) /N i F e 2 n 
m (A-.y7rJi)/ 

PtMnl 5nm /CoFeSnm (U 
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Cu3nm Hm.'&'PfM) /CoFeSnm (7'J- 
1)/ 

Cu2nm (^MftS) /Ta 5 nm imM) 

-f-oits H2 1 fci5i«oA 1 oxff)mmim 

±tC u ^ 5 0 0 nmc7)JlJf tXA-7^'StJ:-5TaJl 

tiiii 3 a D . ffi©;^-fW{± 3 %com imi^ti^xi)^ 
■ofz, -ot D . M\MmTl±. 0.09 i^iOffifitSMtS 

[0161] (^20MW) ^l»ii0lJi:|5]«t, t 
-f. MK-(li>'U3y (S i ) M±tXA°.y^Stj;-, 
•rCuT««Sr5 0 0nma«t, ^^bUV:?''^^^ 

^<7)±fc3//m:ft(7)CPP-SV&)S)iUc. ^-offi^ 

TaSnm {J'^'yyrMB) /NiFe2nm 
T«B)/ 

PtMnlSnm (RSSmttJIA) /C o F e 1 nm 
(BfiKttflsJlFMl)/ 

AlOx (ffitniPISIiRl) /CoFe Inm (5SBStt 
ftJiFM2)/ 

Culnm (^Ni1*«cJlNMl)/CoFelnm (5S 
att^lFM3) /Cu 

Inm (^W*JiNM2) /CoFe Inm (3S?Stt 

#:JiFM4) / 

C u 3 nm (#»It+PBWS ) /C o F e 1 nm 
ttftlFMS)/ 

Culnm («tt#:lNM3) /CoFe 1 nm (5S 
«ftlFM6) / 

Culnm (#Ji'tt*JINM4)/CoFelnm m 

mmMFMi) / 

Cu 2 nm (#«#:1NM 5 ) /A 1 Ox (^StliS 
«R2) / 

Cu2nm («tt*JiNM 6 ) /Ta 5 nm 
C) 

[0162] ±iBai^t=i3v^T, mmmMF U 1 

tfz. Mtt«FM5A>/?>3SM14lFM7*)l.vMi: 

10 16 3] tfz. tmmmMR i , r 2 mmthA 

lOxii. Bicoll)lWfcl5l«co:^Stci'9. try*- 
;l^coMv^fcA 1 OxlfcLTJTML/t. 
[0164] ±fEXt''yAVt.7"fll)tO±t, 112 1 km 

at, ifii^fflA 1 oxM^jgjjStt, 0. iumnco:r:^ 

JBf&bfz. ^(7)±tCu2:5 0 0nm(7)lfftX^N°-y^' 

WT-i±±fe«t i D ffitf ffl AlOxMcOO. iMn<n 
LT C P P - S VW-li&Mgt ^ t i}^mk^x 



[0165] s^tfefti-iiso^s. mf-mai9Q 

tz.':>t*). 1 . 8 S2nmm:*.mh :i kifir^ 
fc. t!^:. t;ylP{±A»«'ftll«$tL. 

^ . 7 u -1 F <^H c i>/jM? < . ^ff)m.'{tmm.mz 

[0166] (m3«fe5gs) jxtc. :^^mcommm 
mm^t. ms i $r#^XTij0j-ri.= ms i n^mmn 

03 1 fc^-r i 0 Tg|5«ffi3 1 . T*13 2 , 
3 3 . #(kll«Jl 3 4 . 3 5 , 

JS€i*13 6, «fMill3 7. #Mli^!fel3 

8. ±mmm3 9coimzmM-^tifzm^^tth. ^: 

fc. R»ttl3 3. M'(Eil«ii3 4. «f4*PHll3 
5. Jl-(ligiil3 6{i?imSfjiSIJ«)l&«-tl.o 
[0 167]#Jitt^b-^ai38{i. B. Si. Ge. 
Ta. Nb. A K Mo. P. V. As. Sb. Z 
r. Ti. Zn. Pb. Th. Be. Cd. Sc. L 
a. Y. Pr. Cr. Sn. Ga. Cu. In. Rh. 
Pd. Mg. Li. Ba. Ca. Sr. Mn. Fe. C 

o. Ni. Rhmm. mm. t^'^m. mm<7) 
!t. ^mmt-^ms smmx-ht t ^ ^^t^^^ 

fe^B«&#W*«fcLT{J:. B. Si. Ge. W. 
Nb. Mo. P, V. Sb. Zr. Ti. Zn. Pb. 
Cr, Sn. Ga. Fe. C o£7)4iA>^,S|{fni.i!'-^< 

WifflrfflTEM (Transmission Electron Microscopy) 

9. x'hhb\^x.h, S)Sv^{±. m^^iii^«fct3>'^T. 
xif.v v)^<r))-^^~ymm^iifz'^-^^z},i. mm<7) 

tifiX'^h. tfz. vy^^W'^^-ym^i^tifz^ 
mwmmmmntmmmx'h o . mmm 

Tv^i,^?^. m^imti^ikx-mmtizkifi 

[0168] #iif±<k^i)i 3 8 ii. m^mwimzx 

^\^± t° y ^-zl-^i^v V M> J: 9 ^M«T-S> hk^\<z 
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[0169] m^<D±WM. S)-i.v^{±h°>*-;l^^^co 

w±. mmma^-m-mmm-h^ih.i.zi.'^xm^ 

T^O^Ml i: xb° A';Kco^r>0i'-3 fz^^i?^-^t 

wfi. mmx'2o%mxhfi\m9.m^±WMX'h 

[0 17 0] S:^^. Lffii.o^smm'k. $)I.V>{ie 

'^mtmm^mffimffimtnLx. io%*>^,i 
oo%<oigHT'S»i,^fc*sa*u^. io%&jx'hi> 
mwzi.hm.mdfi±%-t^x. mm-^j: 
\\ m^z 1 0 o%fiLhT'*>s fcma^sjKs&^otrTm 

o(mwm<n^-&^^Lx. mm»cr)m^%L^£ 

[0 1 7 1 ] t/S, icOj;o=5r^W1gl!^:\ ^)I.V^!ib° 
yt^-ll^'rfcrimmnmmit. l nmA-^, l O O n mCO 
^giI■C^il>^i:A^mbV^„ lnmlilTT-S)l.i;. 

fzAM. rihtfifzw&mm.mt-^'m(nmmx\ 

0 n mJjLhT^I. fc s ^ISOS^^fcfcftSi^ftfflicA^ 1 
i}^^3mm.<r>\yOV\,zt£hfz>^. «Wfc#tt<0{ff> 

[01723 ^Mk^il 3 8*i. T^;l'7 r ;^-Cj) 

I. k . li#ffliomi^;j^xy i^-\';p«oiiil$3&*ife:btL. 
wm'^j:mj)mm^iihfz}i). ht^±^^j:m?-m 

yrx(nm^\,z\t. mm^^'k'^x. m»^wmttt 
fz>iid^fimitmMh-^£h . m^nmimiMt-^m-^ 

%htzib^Z\,i^ mx.\f. Si, Ge, W, Nb, M 
o.P.V, Sb,Zr,Ti,Zn, Pb.Cr, S 
n. Ga. Fe, C o(7)«±PiA«<7)aMt,»^>liH'tL 

[ 0 1 7 3 ] t/t . immt-^'m38\±. O . 2 nm 

jiiTfc^s t . mM^mzi ^mm^cmpM^i^fz 

Kb. 0. 2nmm±£?)Jf;^T'^{-«X{f*'^=&V\ tfz. 



—ITX^ 1 0 nmiy±«OJi;^t^:-|, t . m^(0&m^± 
nmif}>h5nm(D^mX'hl^timtl^-^, U^t^T 

[0174] #iifMM)i 3 7 {± . immt-^m 3 s 

::bimtL\,K milf. Cu, Au, Ag, Ru, I 
Re. Rh, Pt. Pd. O s (D'^b^ t,miftlh'> 

I. . A 1 i>#iifMMJl 3 7 fcffiffll-S k A^'T-# h 
i)K icoh #Mtt-(li-^t)13 8{i, A 1 J; 

^t-i'-'Wf'fAWt tfz. 4mft^mm3 7kim 

mt-^'W 3 8 ^ ib^/t h ^ . #«-fk-^!i« 3 8 {± 
3 7 £7)7n*i: {iM5r -1. 7C«^± k -r § 7ic« 

^ij^mLL^t^i^tzib. im'mt-^m38<D 

m&m^-hl,z<\.^tzibX'hl. L*>t**«A>. -ft;-^ 

<iii^^m-thmi,zi^xii. mizmnz^^Mt-m 
i:i^i,zbi}ix'^h. mm. •fii-^i-S7c^co>f=a-y. 

^t-^'mkmmbx\ mmu^ii&my^-^^j:^\ 

^hl^z. msnA^y. y'yX-?. y'JilJV^MLLX 

±mm^zmmh ^ b ti« Ltzit-^uz^ t . ■ft^ife 

iIi:±fECu, Au, Ag, Ru, I r. Re, Rh, 
Pt, Pd, Al, Ost^lh>W<ifih'J'-t!:<bi^-'r)t: 

^mwi^mm b mm^h^tmmizw^^'^m^^ 

[0 1 7 5 ] ^/C, ^mMC^'mSSli. 113 2t5K 

m3inmz%mzmmfix\^xht-±h-^j:\\ zco 
^mmmmm3 1. immt-^%m3 s\,zm^h 
tihifmt. m3i(r>^bn\^xhh, cicoj;^^:* 

mt-^<r>mmmM. 1 nm**^, 1 0 0 nmcoliil 
X'hhZbimtL^<-^. lTim\:XTX'hhb. \>-^-ofzL 

-oXltotzHb. WiW^mitLX t43.*:^^100n 

mmx'h t b , ^iK(7)«^tfe tt^«fflit3f)^' 1 *^^> 

ffiWJrbii , 2 3 0 %£0|EiIT-ife I. ,1 k :6^'a t L 
[0176] ZZtX^KX^tz. #lSf±-fk^Wfc^ 
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0±iBCu, Au. Ag. Ru. I Re. Rh. P 
t. Pd. AU Osti>mim:i,'J^-^j:<khUb-oi 

[0177] mm. ^m^m(D±mt^cnThh 
t # . ^mmt-^mm&t^^mii. b.fb.m 

o,Pb,Ta,Cr,V,Si,Sb,Ge CO**^^>a{ftL 

o,Pb,Cr,V,Si,Sb.Ge cO**^^.)!^' ^ll.ii'-^r 
<ki,l-Dt:i.!&^kLX^^h^k-iimtU\ 

[0178] mut. ^mm<^^M^AuX'h^ 

e,Mo,P,Rh,Si,W,C r<D'^i^(>mittlh'Jf^J:< 

ki>i-:>t:m-»kvx\<^^zkmtu\ xmt 

L<{±s femc^rOW^B.Fe.Mo.P.Si.W. 
^^kimtL\>\ 

[0179] fiajtff . ^mmff^m^i^AsThh 
k-^. wm.m-^mnmmtimm. B,Be,c 

o,Cr,Fe,Mo,Pb,S i ,Ta, V.W.Ge. S n, 
A 1 , Rh(^<^i)-mimi'J^-^j:< k ^ l-o^±mk 
LX^^6Zkmtt^\ X^mKii. Sb^bWC* 
l5^-rV>B,Be.Co.Cr,Fe,Mo.Pb.S i,V, 
W,Ge,Sn,Al ,Rh<D'pi3^hmi,^til'J'-^< ki, 1 
-^i:±mkLX\^h:iktmtL\^\ 

[0180] mm. ^mmmi^(^±^WPtThh 

k^. wm.mt-^'mmmt?>^^ii:. 

kLx\^^zktmtu\ 

[0181] mm. mmm<^^'i^'^p dx-hh 

k % . immt-^'mmmh±mii. w, c r & 

[0182] ±Mffimii^ki¥mm-^mm^-^h 
^mm-^mk ixa. mmmfm-?>mm 
m?>\.mmi>zimm:-^^mjt^bxi>^\>\ im 
m,-^mmmi-imk ixit. mmicm^'xi 

[0183] m(n'kmmkimmt-^'im<r^m-^h 
^^mm^ho i-o<n^mk\.x\t. mmki&m 
h 'm k immt^mmm i mn k cD^m ^ m 
jt u^m. mm^ rnMit^ ^kizx ^xmm-h 
z.ki,x'^h. :inXo^j:^m\i. mm^±^-f 
"/ b ^'^r ft J; mmt^ i k xmm-i ^ t 



ifeSO^-f 'f ^X'i>i}-th^j:^\ 
[0 184]TISmffi31fc{J:. Cu. Au. Ag. R 
Ir. Re. Rh. Pt. Pd.AK Os. Ni 

3 2Wi. NiFeCr. Ta/NiFeCr. Ta/ 
Ru. Ta/NlFe. Ta/Cu. Ta/Au^fc'A>' 
fflV^J^^ll.. Tafcf cc. S>|.V^{±HCP£O^Kjlt 

mmmmimmmmmh±x'mmx-hh, miz 
m.-i\:^mco§:mm.^mifMziif c cwmcD 

(1 1 im\^m?>^kt)m^X\ ±fBtOT*3 2coS 

m^'mx-hi. 

[0185] ;immmmi:> . mmimmk . ^^^=5: 

p pmcomm.mmm'fm^ ::k*^x-^ h . 
[0186] imAmtrnm) mz. ^mM(om4miK 
mm^:. mssmmixmmt^. mssmmco 
m3mmmi<zimmm}^m=Fmmmmi}^ 
(:>^imimx'h?>, :i(ommmmmm)m'f 
a. T^v&3 1 . Tills 2 . mmm 33. mt 
mm 3 4 . imit'pm 3 5 . Mi 3 e . ^bi 

tt^JBl 3 7 . ^NMtt€^!i4Jl 3 8 . ±a5«ffi3 9 . CO 

mmm 3 4 . ^Mit+rai 3 5 . ma 3 6 {j: 
[0187] 3 5 (i. immt-^m 3 8 

t . ^i^istt+rBiii 3 5 * t#M±-fb-^!ti!i 3 8 mm ttz 

mm.umzm^x\>^xiyM:^^ (ii3 5#BS) . ttz. # 

tJ^fiX^tLTV^T^^^v^ (il3 6#!i) . icoid^Srffl 

mmmw<:tti.o\z. #fbi*i3 6*»4,;^T, # 
mtmm 3 5 kmrnmiSLLtL^mmi^h^ 
ifi, *mmm<DXoiz. m^mmmzmmm 
^umiim^zmmuziidi/i. m?f-(Dmm. 
\,\ io^^Mk-^iiJiss*^. ^^mx'h^k. m 
m^ttx. im^^mms s^mmmm^zmm 
m^^i h^kmi, ^ (Dfzmt t < im¥BM<^ii 
dtfim. ^nk^^mmizMLx. wmYMt-^ms 
8 ff)W\-^t^±^ -t^'h k mmmiK t-rrxs^ com 
imjzL. m^^mmmit^^xLtd. 
WM%%\i2%mxhh^kf)mt.\^\^. ^tz. m, 
m%wht.'o\z\,'S'^^k. wmm:mk-^'th^ 

mKtsihfz^i. ^<ts:<ki:>3Q%mhh^k-im 
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[0188] m^<D^m^. S)5Vi{if 

m. iMJ:kt-2 oxmxhtm^mz-^'mx'h 

[0189] tA^t^:*^^>. m}tcmm.nm^im 
fzMz\t. m&^fmx'ii'm-ti'^mi-^fi-f^zmm 
inktK mmx'hi. zcotzib. mm-mm. h^^^n 

mmitx 1 5 %mnxh i:zk±mtL\,\ 

[0 19 0] tfz. Z(DXd^j:±mm. S>SV^{J:h- 

yt^-iiumw-immi. ±mmmmt. 
fpmt m.mmM<^m(omi>zici ix. i o i 

0 0%ff)mTh^^timiL\\ 1 0%JJlTT'a5l. 

t. m.mzxhmmkifi±^i-^'x. mmx^x 
v\ Jim 0 o%&±x'hi kV^JKmi-wxm. 

^t^m^irtxmmm<.zm^LfzWk (i^y-tx 
-t 'y^mmmm) ^m&'^mmtizm^i^i 

ommm(n?i-^m.ix, mmmmx-t^x 

[0 19 1] ttz. :i(^Xo^j:mnm. $)I.V^{i:f 
l^t^-)\^^CDmm\^mmii. l nm*-^ l O O n m<73 

tzmmttifzVM.mm'&^t-mMcomx\ s^r 

L < 1 0 n ma±.m^\ ^ 7t 1 0 0 n m&,±.Xhl 

m'm(^mfi,zmi^mmi}ni}'i^3mmicou 

[ 0 1 9 2 ] i c: txi^^x^tz. immt-^'m^z± 
mmm&v-tz^. \^yt^-}Vifim^^fzmm:m^ 

<r>if^\\ mmm.mmm\>z^mmm^-fm 

SfcLTtiiMOitECu. Au, Ag, Ru. I r. 
Re, Rh, Pt, Pd, AK Os ti^t^imflt'Jf^j: 

< 1 1 o^-^tf^i^iBfeij-fc-ri, i i:*5a* Lv\ 

'r}^zm:fht. ^mmmmm^mLxmm±.<n 
w\mif^x<mm\tifhh. zntz^^. ±wM^m^ 

[0193] miif. mmmffi^mwcnxh^ 

o,Pb,Ta,Cr,V,Si,Sb,Ge CO+A^'^SiftL 



b , C r , V . S i , S b , G e (J^tfj&^feaif^tl)^-^ < i: 

[0194] mut. ^mm^comm'^Auxhi 
k # . mmt-mmmm-i^m. b , f e , g 

e.Mo.P.Rh.Si.W.C r 0**»4.SftLl.i!'-'Jt< 

khi-^^^'}^kLx\>yizki)m.tb\>\ x^m 

Kli. ^B^aWfc^rDW^B.Fe.Mo.P.Si.W. 
C rC7)^i]-hmim^'J'-^<khl^^Mt^k LTV^ 

^zkimtL^\ 

[0195] mm. mmmco±fS.M^Asxhi 
k # , im'&^t-^mmmi-i^-^ii. b , b e , c 

0, Cr.Fe.Mo,Pb,Si,Ta,V,W,Ge,Sn, 
A 1 ,Rhco**-^.M{mi.iJ'-5:< fc4> 1-oSr^^^i: 
LXui:iki3mtL\,\ xmtKli. femt^r 

l9^t■V^B,Be,Co,Cr,Fe,Mo.Pb,S i ,V, 
W.Ge.Sn.A 1 .Rhcr>r^i^^mi,mi'J'-^x< kh 1 

-^^m^kLx^^h;zki}mtu\ 

[0196] mii£. miMm^cDm^'^ptxiyi 

k^. immL-mmm^imm. w^±m 

[0197] mm. ^mmco±mifip dx-ht 

m^kLx\>^t;ikmtL\\ 
[0198] ±M<o±mkimmt-^mm^-^h 
"^mmti^^k Lxii. ^mmmm-i'mm 
'^h^^^iimi<zimmt-^mmmLxii^\>\ im 
mt-^m]fm-thijmk ixit. mmzKmx^ 

k^zxmmMLxi>^^\ 

[0199] ±Mco^mmk^m'mt^'mmm^h 

1. ifiiiM k ^mri'it^'m ^ mm mwk co^m m 
0.Lfzm. Kmm'^^mm^::k^z^-^xmj&t& 
zki^x^i,. ^(^^o^x^ma. fzkm-^^i'- 

mm^^^ i'X"Li}^th^j:^\ 

[0200] ;co«jgffii> . mm&mk . 

p pwm.m.m)}m^mi ^ t i. „ 
[020 1 ] {msmtmm) mz, i^^mmsmtA 
mmkLx. ifwmmmsmm'f-^m^^fzm.w^ 

[0202]ii22{j:, :if.mm'mmsmm=^^m 

*^0J!c7)m^-y Kti. fS«*2 0 OtMrS] 
LTffia$tl-^c-*r<^lSm3-^ 10 2. 1 0 2^*1- 
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I.. JSM3-^ 10 2. 10 2C0±«i. :itiii>tm% 

5. mmmmm'Fi 04ii. 111BM112 ifeitx 
03 1 7b-m3 4 mLxwmttzx a =5r*^Bjoc p 

P^-^7°<7)«^T&-l.o tTt. -MC01S«3-:J' 1 0 
2. 1 0 2Srf^<'j:at. -e^SSWi. -M<0^nMT 

X1106, i0 6*iBii;SiiTv^&, >'-?-<r;?.lio 

^102 fcMmsmi;**^ 1 0 4 <7)7 U -«iO!S-fL 
IE«#fcS»:^l6l, t*^3*>[5l[14'<7)y*f6]fc!^ 

[0 2 0 3] iBfl«#:2 0 0t(i, iBSib57:?200 
T?iJJFM$tl, IBIIK'-y h 2 0 0 Bybi'E^iJLTI.^S , 
tL^cOlBllf-y h 2 0 0 B tc{±. ^m'&mLfzJ: d 

1 0 2 1 0 4 

mA.fzmmmz^ii^tii. mMMimm^pi 0 

4 tlEfif-x h 2 0 0 Bcr)«W^;t. fetll. i: . 7 'J - 
M<Dmmi. t;^i 1 0 6 1 J: S y :^iti*»/?>iBi*it 

[0204] mmmm^ i o 4c7)is^ffi®j^s: 
iBi^h' .y h 2 0 0 xi,z-^h^^ fzibiz. mm 

[0205] ^wMizxmt. mMmumm^i o 4 

hUT, lli;^SI12 ISlIA'HS lJ^^[i3 4tc||LT 
fraiL/ci; 0 =5:*^HJc75C P P ^-f r«73«^ ^ffl^^i, i 

[ 0 2 0 6 ] ^fc. 2p:MteJgSfcfeV^T{i. (ffi 

mmmmf-mmi^zmm txmnffmmm 
[0207] (^6^]iM) mz. ^wMcomemm 

m&m.\z-o\yxmmth , m i 7!)MI12 i mms 

%m=f-^i. , H 2 2 t^JS^ L j; d ^rKm^ v F tiSS 

^zmmA iixmrnmrn^mmzmm-th ^ a **t'# 

[ 0 2 0 8 ] 112 Bti. c:<7) J; o ^s^tmM&Wn 

wmmmmm-^mmmumx-h^, •f^j:hh. ^fg 



iifflt^diSEie^iffljSmT -f Xi? 2 0 Oi±. ;^b-y f 

mim^\,zmtmmL^j:\^^-^\izii ^omKm 

iBltmilEt S , IKMt -f 2 0 0 fc^SS^tl. WS<OfB 
yj^H^l 5 4co5feSt;:]R0WtA,tiTt,^l., Ci^iT. 

A..yFX7^^i 5 3ii. wi.{f. m7m.%2mm 
m.\<zi5\^xmmLfziioti:-^%mmmsm)wm=^-^ 
mm Ltzm%^ 7 k ^ ^ w*5i#3fifc*-r s , 

[0 209] a^T-fX:?2 0 0*^'llHE-ri.i:. ^7 F 
5 30»Mlti]ffi (ABS) {««T^X^' 

2 0 o<Dmmt^h?s\'&m}:M^i>r>xum^K:h, 

[02 10] -9-X^yi/gyi 54{±. M^nLtc^^m 

3 >f ;kSr ffii^-r !> f y fc' S: * -ri. T ^ 

^xn>{)v=^-^i5eifimif^tix\<-^h, t^Axzi^ 

iV^ii-i' 1 5 6{±. T^'^iX-rJ^r-A 1 5 SOJ^h' 
ymz^%±.Wkfd-zWrsL-^j:\^mi-oi^}\'t. 
^;P*fi^;?i^52.tf J: 5 fcM|BiLTE«$ii-^:7m®5*3 J: 

[0211] r^^AX-^^T-A15 5{±. ilSittl 

5 70±T2iiBf(=Rft'oix/ill^t^rV%3j<-;KT'; 
yiJ-'tioTftit^^i. ;K^xn>f;Wt-:? l 5 6tJ: 

[02 12] EI2 4(4. T^'f-iX-rJ'T-AlSS*^ 
^>5fecom^^7 FT-fe ^ X^'»^>»f^te 
;^fWT-Sb^„ 1-=5rrfp^, ?am^7Fr7-fe>'7"U 1 

6 0{4. WtKli»3-^/l'^«»-rS#'t'>'»^rfc't* 
-rST;?^ j.x-:?T-A 1 5 1 ^SL. T^f-aX- 
^'T-A 1 5 5cO-Sfc{4f-;^'<y>'3 y l 5 4ASigfig 

[0213] -ffX^yi^g y 1 5 405t5ffiti±. 

1.^7 FX7^ri 5 3*%0#{t^>^T.TV^§. IfiiSl 
A..y F^ffi;^i-&i3-<irT tftv\ H?-;^>^>'i^3 y 1 54{4 

L. ::(^U-Filll6 4fc'^7FX7^ri 5 3tffl;^^ 
5iiitl^^e^^7 F<^#mk*««^Wfc^igSilTV^ 
I., 11*1 6 5\m%^-v YT-y-^yf^) 1 6 0<73€ff 

A-vFfabs. 

[0 2 14] iC:T\ ^7FX7'f^'-'l 5 3«#:»|6l 
M(ABS) ti^T-fX:72OOcO«fccOP0lt{±, 

[0215] mM'V7 F 1 0^f&S8LitX7-< ri 5 3 
(i. 2 0 0 <^>F;f5g<:0SE|Siri(tff± 
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[ 0 2 1 6 ] H 1 0 tMS\T -f Xi? 2 0 

ffiy ^ x^HiSrff 3 t m-^ s c: k limx-h h , 

[ 0 2 1 7 ] j^JLh. mm^mL-y^. immm. 
[0218] mm. x\iy)^)wmi-h Lx(mMBL 

[ 0 2 1 9 ] tfc, m^-/ K<7)^i^. «)fri.#g« 
mf^'mm\i\,zm.x%^. mmh\.x-mm.fi.%^ 

[ 0 2 2 0 ] . ^MBIIS&SMt^M LT , 

[ 0 2 2 1 ] $ /i>fc. ^%mzih-mm}mm=f 
^jv^mitLtz rji^^^u^a (MRAM) J tii, 

[0222] 

[0223] icom^b IX . mx K) t> w^iriaiaf 
t^£h. m\,z^ mi>zi:>^&t^fzmz. m§mmw 

[HI ] :i^wM<7imimtmmizti-:fy>mmsm}m 
^mmmm^m-m±mxh&, 

[ H 2 ] ( a ) (±, hVl P 1 7 y -1 FcO«-fb*mf 

co:!^, ( b ) li. KW^o^fcov^-r, -eti^-'tim 

[03] ( a ) i± . t ^-Ji i: 7 U -l^WtA^W^T)*! 

( b ) !±. Jx:TOcOii^^^oV^T. ^cfl^'flVtif 
!i 1 1, ^tr >- ^ ^l- T -y b" ycoJl-^ k y X h" 



y<0:«^toV^TIl^^ L7t^'7 7 X'h h . 

[US ] ( a ) «±, ±T<^mi^RltlR 1 . R2<m 

±TO«^RIiflR 1 . R2coraT't;y*-;l/HofiS 

[116] 2)iW±^0fiinlfflKlRlA. RlBfcSV^{± 
R2A, R2B$r-i-A7tm&^-riE^ll-C'fel.o 

[ 11 7 ] mcmm r 2 ^gsKfti f mo^nmzmx 
tzmm:mM±mx'ht. 

[US] 3®®l4^1FMk^M#:lNMkW«ii«ji 

mmmx'hh, 

[HID] ffiSiifflSJiS:S^tfKStt*l!&S2»:Lh03il 

[01 1 ] f c c«5i(7)gi«tt*JiFM ( f c c ) k b 
c c mmmimm f m ( b c c ) k ^a^^-^^-iiryi 

[EI12]^HSttJiNM^. miO^NlSttJlNMlk^ 

2<?)^NisttJiNM 2 k mmmt Lmmmtmi 
mxhh. 

[HIS] 5giitt«^Ji F M 1 /mmmm f m 2 mm 
mm^m Lfzm^^mtmmxhh, 

[HI 4 ] 1gicc7)gi!?stt*l^*-ri.ii^wfii!W^«!l?iJ 
[HI 5] moM.e*«^fl-1-|.*^c7)fl!<DA#:M 

&^mi;HT-s>i.. 

[H 1 6 ] \^mh=yy^T ^ ■/ ^'K3SlStt«ijt^»ffl 

t/i«^^-tl8ttH-CS)l.„ 
[HI 7] Ttffil (A-.-/7r«) B-^ff.iijlCSrSfflL 
!t«&^imHT*)l.„ 

[HIS] immm2mmmzii-^ti-mnmm^. 
%=?-mmmm:m-fmmxh h 
[HI 9] ^ii^imm^mmx^y^yit^-Mfn 

[H2 0] -?-tL-?-'iie5ffiifiill|SJiorafty*-;l/Hi7) 

[H2 1 ] ^wmmiffimm>.zm-hmMmm= 
m=t<mmmmm:mmMxhh, 

[H2 2 ] *^HJc7)^g^tS^jJ^»^^ffiv^/-^iS»^.y 
Kc7)ga5«^|^-t#fm»tHT-fcl. , 

mmmxhh. 

[H2 4] rj?^iX-:^T-Al 5 5*^f>$t<?3ra^A, 
•y HT-feyyU ^T-f Xi?ffl|}ii^'^»W)f^ii;>t«WIHT-S> 
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[02 5 ] x\;yj-^jvm<Dmmmmi:m-tm 

[02 7 ] x\;yA}v^mcommmf&i:mfmmT$> 
h 

[ H 2 8 ] c p p -XLm-mm'f-mmmit^mt 
[ii29]cpp-s vm^mmmm^mm±MX' 
[US 0 ] wm^<rt-mm!mwm'm-kw% 
[US 1 ] immw.^mmmxzi.h-mmmi^m 
[03 2 ] %3%mm.(rmm\m^-^^-fmmm. 

[03 3 ] 3js:^BJ«m4«mitJ;.Sa»ffifiia*« 
[03 4 ] ^4«]|McO^«0!l«O«&*-tM0. 

[03 5 ] %A%tmwrm^mmmm'mm, 
[03 6 ] m%mmrm&mmmiii^wm, 

A K5S«ttJi 

p Mil««(eyji) 

R. RK R2 ffifiiPfil 

[01] 



lOA 




FM Mttfrl 
NM ^mtt*l 

s mmwM 

F (7y-«) 

EL mil 

I -feyxlgTi 
B ys;>y7rJI 

c ffiai 

3 1 Tg|5«ffi 
3 2 TM 

3 3 Kimm 

3 4 M^tlilM 
3 5 

3 6 Mi in 

3 7 

3 8 immt^M 

3 9 ±g|!mfi 
150 

151 iSMr-fX^' 
153 

154 ^X^y-yB^ 

155 T^'i-=u:t.-^r~^^ 
156 

157 



[04] 
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[112] [H3] 










JtL_ 

— 1 SitMBHHZ 













»aaasRi i i 


p=] ;i*Jt.Si*JI.*- 

1 j 1 7ffMi> 



[116] [SI7] 




[Hll] [1112] 




[1116] 
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[1119] [020] 




[112 5] 



[1126] 
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(51) Int. CI. V mm-^ 

HO IF 10/32 



FI 

GOIR 33/06 



a2)m^ 7% m :k m 
mmm m m n m 
(72)^BM n # ^ $ 
mmm^ ^ in m m 



mmm^ ^ m iz 

(72) ^BM S ]R W] 

m)wm ft # « # 

^m^mi'm%'^y^-n 

F^'-A(##) 2G017 MIO AD55 
5D034 BA03 

5E049 MOl AA04 AA09 ACOO AC05 
BA12 CB02 DB12 



